
	 1	

VICB Student Research 2017 Oral Abstracts 
 

Oral Session I –  
 

1.  Regulation of the Binding of the ASK1-MKK4/7-JNK3 Cascade 
Components to Arrestin-3 by Kinase Activation and ATP 

 
Nicole A. Perry, David J. Marcus, Tamer S. Kaoud,

 Ali I. Kaya, John M. Pleinis, 
Qiuyan Chen, Sandra Berndt, Xuanzhi Zhan, Kevin N. Dalby, T.M. Iverson, and 

Vsevolod V. Gurevich 
 
Mitogen-activated protein kinase (MAPK) cascades regulate cellular pathways via activation of three 
sequentially acting kinases. Scaffold proteins facilitate activation of these three-tiered cascades primarily 
through subcellular localization of the kinase components. Arrestins scaffold several MAPK cascades, 
leading to activation of extracellular signal-regulated kinase (ERK), p38, and c-Jun N-terminal kinase 
(JNK) cascades. The mechanisms that underlie MAPK activation via arrestin have yet to be elucidated.  

The ASK1-MKK4/7-JNK3 cascade has previously been shown to bind arrestin-3. Here we investigated 
the ability of the kinases to bind arrestin-3 at various stages of the kinase catalytic cycle, which consists 
of many states preceding full activation. We tested the binding of intact arrestin-3 and arrestin-3-derived 
peptides to each member of the ASK1-MKK4/7-JNK3 cascade in the presence and absence of ATP, and 
in inactive and fully activated states. We found that ATP reduced but did not completely abolish binding 
of the kinases to arrestin-3. We also found that active forms of MKK4/7 and JNK3 varied in their ability 
to bind arrestin-3. Most notably, active JNK3 did not bind arrestin-3, which suggests that the complex of 
arrestin-3 with upstream kinases could sequentially activate several JNK3 molecules, leading to signal 
amplification.  
 
The ability of a protein kinase to interact with other proteins is impacted by both its conformation and 
activation state, which are likely intimately linked. Here we provided evidence that ATP-bound MAP 
kinases of the ASK1-MKK4/7-JNK3 cascade have weakened interactions with arrestin-3 and that binding 
of the fully-activated kinases varies. Our findings shed light on how arrestin-3 mechanistically scaffolds 
the cascade that leads to JNK3 activation, revealing it as a complex, kinase-dependent process.   

 
 

2.  Utilizing an Untargeted Ion Mobility-Mass Spectrometry Method 
to Profile the Gut Metabolome 

 
James Poland, Alexandra C. Schrimpe-Rutledge, Charles Robb Flynn, and  

John A. McLean 

 
Over the past decade there has been growing interest in the bacteria that make up the gut 
microbiome. This is in part due to research suggesting that the gut bacterial community has an 
effect on human physiology, nutrition, and susceptibility to disease. Although advancements 
have been made in identifying bacteria that make up the gut community, their effects on the 
constitution of endogenous metabolites and physiology remains unexplored. We investigate 
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these effects using an unbiased metabolomic analysis of feces. Due to the dynamic nature of the 
metabolome, studying it requires rapid and robust instrumentation. Mass spectrometry has 
emerged as one of the most powerful analytical techniques to study changes in metabolites. 
Methods were developed to extract endogenous metabolites from fecal samples using simple 
techniques to minimize any alterations to this set of molecules. Advances in ion mobility mass 
spectrometry are used to aid in the identification of metabolites by separating and analyzing 
various biological classes simultaneously. Utilizing both separation features (retention time and 
drift time) and identification features (mass to charge ratio and fragmentation) metabolites of 
interest were detected and identified. Compounds that had significant fold changes in abundance 
across various gastrointestinal perturbations were prioritized. The changes in relative 
concentration of bile acids, short chain fatty acids, and cholesterol derivatives were found to be 
significant. The metabolites with dysregulated profiles were overlaid onto KEGG (Kyoto 
Encyclopedia of Genes and Genomes) pathways to provide a more comprehensive understanding 
of the physiological response to each treatment. Bile acid and lipid biosynthesis, specifically 
steroid hormone biosynthesis, emerged as altered pathways from these gastrointestinal 
modifications. The effect of this dysregulation is currently being explored. 
 

3.    Natural Product Discovery for Precision Medicine 
 

Brian O. Bachmann, David C. Earl, P. Brent Ferrell Jr., Nalin Leelatian, Jordan T. 
Froese, Benjamin J. Reisman, Jonathan M. Irish 

 
It is becoming increasingly apparent that discovering new therapeutics for the treatment of 
cancer must involve a consideration of: (A) The interplay between the host immune system and 
tumors. Cancer cells often have adapted the ability to evade immune surveillance, either by 
muted antigenicity or via actively disarming immune activation via immune checkpoint 
blockade. (B) The connection between chemotherapeutic interventions and immunogenicity. It 
has become apparent that the efficacy of many traditional chemotherapies is dependent upon 
enhancing the immunogenicity of cancer cells. Without a functional immune system, cytotoxic 
small molecules demonstrate decrease selectivity for cancer cells versus healthy ones. (C) The 
highly heterogeneous nature of tumors in their native environments. Tumors are comprised of a 
complex mixture of multiple tumor lineages embedded host tissue microenvironments. The 
structure and complexity of the tumor microenvironment has a direct bearing on the efficacy of 
therapeutic interventions. This talk presents the development of a new methodology for natural 
product discovery using biopsied human disease tissues containing cancerous and infiltrating 
immune cells. Multiplexed activity metabolomics (MAM) merges flow cytometric microtiter 
well and bioassay multiplexing with metabolomics and cheminformatics software to radically 
accelerate bioactive compound discovery, and we feel specifically addresses the above 
considerations in the context of the discovery of acute myeloid leukemia anticancer lead 
discovery. 
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Oral Session II –  
 

4.   The IsdG Family of Heme Oxygenases is Conserved Across 
Kingdoms 

 
Lisa J. Lojek, Allison J. Farrand, Jennifer H. Wisecaver, Crysten E. Blaby-Haas, 

Brian W. Michel, Sabeeha S. Merchant, Antonis Rokas, Eric P. Skaar 

 
Heme is essential for respiration across all domains of life. However, heme accumulation can 
lead to toxicity if cells are unable to either degrade or export heme, or its toxic by-products. 
Under aerobic conditions, heme degradation is performed by heme oxygenases, enzymes which 
utilize oxygen to cleave the tetrapyrrole ring of heme. The HO-1 family of heme oxygenases has 
been identified in both bacterial and eukaryotic cells, whereas the IsdG family has thus far only 
been described in bacteria. We identified a hypothetical protein in the eukaryotic green alga, 
Chlamydomonas reinhardtii, which encodes a protein containing an Antibiotic Biosynthesis 
Monooxygenase (ABM) domain consistent with IsdG family members. This protein, which we 
have named cMO, degrades heme, contains similarities in predicted secondary structure to IsdG 
family members, and retains the functionally conserved catalytic residues found in all IsdG 
family heme oxygenases. These data establish cMO as an IsdG family member, and extend the 
distribution of IsdG family members beyond bacteria. To gain further insight into the distribution 
of the IsdG family, we used the cMO sequence to identify 866 IsdG family members, including 
representatives from all domains of life. These results indicate that the distribution of IsdG 
family heme oxygenases is more expansive than previously thought, underscoring the broad 
relevance of this enzyme family. 
 

5.   Imaging Mass Spectrometry Provides Molecular Insights into 
Diabetic Kidney Disease 

 
Nichole M. Lareau, Kerri J. Grove, Paul A. Voziyan, Fenghua Zeng, Raymond C. 

Harris, Billy G. Hudson, and Richard M. Caprioli 
 

Diabetes is the leading cause of chronic kidney disease and renal failure in the United States and 
millions are diagnosed with diabetes annually. Urine albumin levels are a well-established 
biomarker of kidney disease in patients. Correlations between degree of renal injury and 
albuminuria have been established; however, the localization and mechanisms of albumin 
degradation remain unknown. Here, we use matrix assisted laser desorption/ionization (MALDI) 
imaging mass spectrometry (IMS) to investigate the mechanism of albuminuria in kidney 
sections of a diabetic nephropathy model mouse, eNOS-/- db/db mouse. MALDI IMS preserves 
spatial localization of molecular signals allowing for the observation of endogenous native 
albumin fragments associated with kidney pathology. We observed that albumin fragments 
increased with severity of renal nephropathy. Furthermore, using immunohistochemistry and in 
vitro digest, we determined that albumin fragments originate through the enzymatic action of 
cathepsin D within the kidney. 
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To further understand diabetic nephropathy and explore mechanisms of renal injury, a zebrafish 
diabetic model was utilized. MALDI IMS of both diabetic and wild type zebrafish kidneys 
highlights changes in the molecular profile with high spatial resolution (≤20µm). In both kidney-
specific and whole-body zebrafish analyses, a series of sulfoglycosphingolipids, such as SM4s, 
localized to the kidney. A subset of these signals have been previously characterized in both 
mouse and rat models. This molecular correlation suggests that data from zebrafish models 
support previous hypotheses generated in mammalian models. Moreover, lipid profiles of wild 
type and diabetic zebrafish kidneys can be comparatively analyzed to provide novel insights into 
the molecular mechanisms associated with diabetic nephropathy. 

 
6.  Discovery of Cell Active Inhibitors of Lactate Dehydrogenase 

using Structure-Based Design 
 

Alex Waterson, Ganesha Rai, Kyle R. Brimacombe, Bryan T. Mott, Daniel J. 
Urban, Xin Hu, Shyh-Ming Yang, Tobie D. Lee, Dorian M. Cheff, Jennifer 

Kouznetsova, Gloria A. Benavides, Katie Pohida, Eric J. Kuenstner, Diane K. Luci, 
Christine Lukacs, Hu Zhu, Gary Sulikowski, William J. Moore, Gordon Stott, 

Andrew Flint, Matthew D. Hall, Victor M. Darley-Usmar , Len Neckers, Chi V. 
Dang, Anton Simeonov, Ajit Jadhav, David J. Maloney  

 

 
Lactate Dehydrogenase (LDH) is an enzyme that catalyzes conversion of pyruvate to lactate. The 
LDH-A gene is upregulated in many cancers to support the high glycolytic activity observed in 
many tumor cells (the Warburg effect). We report the discovery and medicinal chemistry 
optimization of a novel series of pyrazole-based inhibitors of human lactate dehydrogenase  
(LDH). Utilization of a quantitative high-throughput screening paradigm facilitated hit 
identification, while structure-based design and multi-parameter optimization enabled the 
discovery of compounds with potent enzymatic and cell-based inhibition of LDH-A.  Lead 
compounds exhibit low nM inhibition of LDH-A, sub-micromolar inhibition of lactate 
production, and inhibition of glycolysis in multiple cancer cell lines.      

 
Oral Session III –  
 

7.    Illuminating the Dark Side of Natural Products  
 

Suzanne M. Batiste, Daniel J. Blackwell, Nieves Gomez-Hurtado, Jeffrey N. 
Johnston, Björn C. Knollmann  

 
Spontaneous calcium release via the cardiac ryanodine receptor (RyR2) contributes 
mechanistically to potentially fatal arrhythmias in a wide range of heart diseases, making RyR2 
an attractive therapeutic target for drug development. Current therapeutic interventions with 
flecainide, an antiarrhythmic small molecule drug, are capable of at least partially inhibiting Ca2+ 
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release; however, there is a clinical need for a more potent suppressant, especially since 
flecainide is contraindicated in patients with structural heart disease and heart failure. We have 
developed a rapid synthesis to cyclodepsipeptides which includes a platform for control over 
complex structural elements through a hybridization of enantioselective catalysis, Umpolung 
Amide Synthesis (UmAS), and an ion-templated macrocyclooligomerization (MCO). The 
efficiency and simplicity of this method was illustrated by the shortest synthesis of a known 
insect RyR agonist, (-)-verticilide, and several congeners, which we tested for activity against 
mammalian RyR2. Although the cyclooligomeric depsipeptide natural product (-)-verticilide had 
no effect relative to control, its non-natural enantiomer (ent-(+)-verticilide) significantly reduced 
RyR2-mediated spontaneous calcium release both in wild-type cardiomyocytes and in 
cardiomyocytes from a gene-targeted mouse model of calcium release-induced cardiac 
arrhythmias.  ent-(+)-Verticilide exhibited higher potency and a distinct mechanism of action 
compared to the experimental RyR2 inhibitor tetracaine and the clinically-approved 
antiarrhythmic drug flecainide. These findings indicate that ent-(+)-verticilide is a novel lead for 
inhibiting RyR2-mediated calcium flux, a biological process relevant to heart diseases such as 
atrial fibrillation and heart failure. Furthermore, the selective, straightforward chemical synthesis 
of (unnatural) ent-(+)-verticilide provides a platform for further development, and contributes to 
the ongoing excitement to illuminate ‘dark chemical space’ for chemical biology and drug 
discovery. 

 
 

8.  Oxidation of the Lipid and DNA Peroxidation-Derived DNA 
Adduct M1dG to 6-oxo-M1dG in Genomic DNA 

 
Michelle M. Mitchener, Orrette R. Wauchope, James J. Galligan, William N. 

Beavers, Philip J. Kingsley, Jeannie M. Camarillo, William D. Sanders, Ha-Na 
Shim, Thomas Blackwell, Thong Luong, Mark deCaestecker, Joshua P. Fessel, and 

Lawrence J. Marnett 

Lipid and DNA peroxidation give rise to DNA adducts, the most abundant of which is 3-(2-
deoxy-β-D-erythro-pentofuranosyl)pyrimido[1,2-α]purin-10(3H)-one (M1dG). Increased levels 
of M1dG are positively correlated with a variety of physiological and pathophysiological 
conditions including aging, bacterial infection, and cancer. Recently, our laboratory reported the 
oxidative metabolism of M1dG to 6-oxo-M1dG in nuclear DNA isolated from multiple human 
and rodent cell lines. Interestingly, although levels of M1dG in the mitochondrion exceed those 
in the nucleus by 50-100-fold, we only detected 6-oxo-M1dG in nuclear DNA. Thus, we 
hypothesized that the oxidation of M1dG to 6-oxo-M1dG was enzymatic. In support of this 
notion, heat-denaturation or proteinase K-treatment of nuclear lysates ablated conversion of 
M1dG to 6-oxo-M1dG in double-stranded oligonucleotides. We further hypothesized that this 
enzyme might be an alpha-ketoglutarate-dependent dioxygenase, a class of iron-dependent 
enzymes that is responsible for the oxidation of various alkylated nucleic acids and/or amino 
acids. Indeed, we found that preincubation of nuclear lysates with iron or alpha-ketoglutarate 



	 6	

increased 6-oxo-M1dG formation. Additionally, nuclear lysates preincubated with either N-
oxalylglycine or IOX1, two structurally distinct broad-spectrum alpha-ketoglutarate-dependent 
dioxygenase inhibitors, showed reduced 6-oxo-M1dG formation. Finally, treatment of RKO cells 
with JIB-04, a pan Jumonji histone demethylase inhibitor, resulted in reduced levels of genomic 
6-oxo-M1dG along with a concomitant increase in levels of M1dG. Collectively, these findings 
indicate the presence of a nuclear enzyme capable of converting M1dG to 6-oxo-M1dG in 
genomic DNA. Currently, we are employing a photoaffinity-based probe to identify the 
enzyme(s) and generating site-specifically incorporated 6-oxo-M1dG oligonucleotides for the 
characterization of this adduct’s mutagenic potential. 


